Abstract. Magnetic fields influence and drive the activity in stellar atmospheres. In the optical they can be measured via Zeeman and Hanle effect, which are relevant in different magnetic field regimes and thus complement each other. The Zeeman effect is sensitive to the net magnetic flux in the resolution element whereas the Hanle effect allows to detect weak, directed or entangled magnetic fields. On the Sun Hanle effect is observed in prominences, in strong chromospheric lines, as well as in many photospheric lines. Especially in the photosphere Hanle effect observations have led to a new paradigm of the magnetic field structure. There, 99 percent of the volume are filled by relatively weak, entangled fields of the order of a few Gauss, to which Zeeman effect observations are practically blind, but which are clearly detected by the Hanle effect. We find that molecular lines are particularly well suited for magnetic field diagnostics with the Hanle effect. With the diagnostic tool developed in this paper for C 2 lines we are able to find for the first time clear evidence of Hanle effect in molecular lines.
Introduction
Magnetic fields are a key driver of activity in stellar atmospheres. While measurements of the magnetic field based on the Zeeman effect are well developed, Hanle effect (see e.g. Trujillo Bueno 2001 ) is less used but enables to obtain complementary information by detecting weak, directed or entangled magnetic fields.
Molecules offer the unique opportunity to employ the differential Hanle effect. The amplitude of scattering polarization and the sensitivity of molecular lines to Hanle effect vary significantly with the total angular momentum number J (Berdyugina et al. 2002; Trujillo Bueno 2003a) . This has raised considerable interest in the field lately. Faurobert & Arnaud (2003) have successfully modeled the center-to-limb variation of C 2 and MgH molecules and employed their model to infer empirically molecular data. Trujillo Bueno (2003b) has studied the sensitivity of molecular lines to Hanle effect and has discussed the apparent spatial invariance of molecular lines. However, Hanle effect has not been observed in molecules so far.
Here, we develop a diagnostic tool to determine weak solar magnetic fields via Hanle effect in molecular lines of C 2 . With this model we find the first clear evidence of Hanle effect in molecular lines.
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Evidence for the Molecular Hanle Effect CD−675 Figure 1. Hanle depolarization factor W H as function of the magnetic field B for the selected C 2 lines, namely the R-triplet at 5140Å (left plot) and the P-triplet at 5141.5Å (right plot). Note that the lines show different sensitivity to the magnetic field and that the Hanle effect saturates at different field strengths. Therefore, the lines can be used to diagnose different magnetic field strengths.
Modeling polarization

Model
The linear polarization in weak magnetic field areas on the solar surface is mainly due to coherent scattering (see e.g. Stenflo 1994 and, for molecular scattering, Berdyugina et al. 2002) . We compute the degree of linear polarization as
where Q and I are Stokes parameters, and q a scaling factor, to be determined from observations. If the different lines form under almost identical conditions, q is the same for these lines, as will be the case in the C 2 lines discussed in Sect. 3. Therefore, q cancels out, when looking at ratios of the polarization in different lines. The Hanle depolarization factor W H is explained in more detail in Sect. 2.2. The intrinsic line polarizability W 2 depends only on the J quantum number of the energy levels involved in the transition. I ΛvJ is the intensity factor, proportional to the line depth in intensity and ϕ refers to the line profile.
Hanle depolarization factor W H
The Hanle depolarization factor W H remains as the only free parameter in Eq.
(1), since q is canceled out when considering polarization ratios while the other variables are fixed by atomic and atmospheric data. If we assume an isotropic distribution of weak, entangled magnetic fields, Hanle effect reduces linear polarization with increasing field strength B until the depolarization effects saturate. Correspondingly W H is falling with B from 1 to the saturation value 0.2 (see Fig. 1 ).
CD−676 We searched the solar spectrum for C 2 lines, which are practically unblended by atomic lines, lie within a narrow wavelength interval so that they can be observed in a single image, and which have different Hanle sensitivities. We identified one resolved R-triplet of the C 2 molecule at 5140Å and a close by C 2 P-triplet at 5141.2Å (see Fig. 2 ).
Differential Hanle effect and diagnostics
Because the six lines exhibit different Hanle sensitivities (see Figs. 1 and 2 ) and because all these lines form at the same geometric height in the solar atmosphere, it is sufficient for magnetic field diagnostics to observe amplitude ratios of the linear polarization signals. This differential Hanle effect (Stenflo 1998) reduces drastically systematic errors inherent in the observations and in the modeling of the lines. Figure 3 shows several ratios of scattering polarization as a function of magnetic field strength. The different Hanle sensitivities of the six C 2 lines lead to a different magnetic field dependence of these ratios. This allows in principle to employ these lines as diagnostic tool over a broad range of field strengths.
Let us apply our model to a first set of observed data. The observations from the atlas of Gandorfer (2000) 
Conclusions
We have developed a simple model containing the relevant physics to compute scattering polarization in molecular lines. The selected C 2 molecular lines represent a sensitive diagnostic tool to measure weak magnetic fields with the Hanle effect. Indeed, we have found the first evidence for Hanle effect in molecular lines. Observations indicate an average turbulent magnetic field strength of 10 G in quiet regions of the solar photosphere.
